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Toscana (TOS) virus stocks strongly interfering with standard virus replication were obtained by sequential passages of
virus in suckling mouse brain. Characterization of viral RNAs in these stocks showed the presence of a heterogeneous
population of defective RNA molecules derived from the L genomic segment, in both nucleocapsid (NC) and messenger
RNAs, suggesting that these molecules could be replicated, assembled, and transcribed. Subgenomic RNAs from the L
segment but not from the S or M segments were found in cells infected with these stocks. Defective RNA molecules
interfered with virus replication and retained 59 and 39 genomic termini. Nucleotide sequence analysis of some cloned
defective interfering (DI) RNAs revealed they contained one or more internal deletions reducing their length to 7–13% of the
full-length L segment. An identical sequence motif, of variable length, was found at both terminal sites of the RNA junction
on standard L sequences. This motif was retained only in one copy in the subgenomic RNA. These results are consistent with
the generation of TOS virus DI particles in vivo and suggest that the defective genomic RNAs could be generated by
polymerase jumping from a sequence to an identical one spatially closed because of the RNA structure. © 1998 Academic Press
INTRODUCTION
Defective interfering (DI) particles are deletion mu-
tants which spontaneously arise during viral infections
due to errors of the replicase complex. They can only
replicate in presence of a nondefective helper virus
whose replication they concomitantly interfere with (Per-
rault, 1981; Schlesinger, 1987). This characteristic is po-
tentially relevant in protection against viral diseases
(Barrett and Dimmock, 1986).
DI particles include defective viruses containing only
portions of infectious viral genome. These defective ge-
nomes maintain the cis-acting signals for replication but
depend on trans-acting proteins from the intact viral
genome for replication and packaging into a virus parti-
cle. They are generated by a variety of animal and plant
viruses, with either DNA or RNA genomes.
DI particles from minus-strand RNA viruses have been
particularly well studied. Two major types of DI genomes
have been described for nonsegmented minus-strand
RNA viruses (Rhabdovirus and Paramyxovirus). Copy-
back DI genomes lack the genomic 39 end sequences
but present, at their 39 end, sequences complementary to
the 59 end of the genome; therefore, these molecules
have complementary sequences at their ends. Lacking
the 39 end sequences of the nondefective genome,
which are supposed to contain the signals for genome
transcription (Kolakofsky and Roux, 1987), they can only
replicate. The other type of DI RNA genomes retain both
39 and 59 termini of the progenitor genome, therefore
retaining signals for both replication and transcription
(Lazzarini et al., 1981; Engelhorn et al., 1993).
In influenza (Flu) virus, a segmented minus-strand
RNA virus, only internally deleted DI RNAs, retaining both
the 39 and 59 termini of the progenitor genomic segment,
were found. They predominantly arise from the polymer-
ase genes. Although a few subgenomic RNAs of non
polymerase gene origin have been found, none of these
was shown to be a DI RNA (for a review see Nayak et al.,
1990).
Few reports have been published on the DI particles
generated by Bunyaviridae viruses. This virus family in-
cludes a large number of mainly arthropod-borne viruses
with a tripartite single-strand RNA genome. The three
segments (L, M, and S) have negative sense polarity
except for some S segments of ‘‘ambisense’’ polarity
(reviewed in Elliott, 1990, 1996; Giorgi, 1996).
Virus particles predominantly containing S RNA have
been described in BHK cells infected with Bunyamwera
(BUN) virus (Kascsak and Lyons, 1978) and in Aedes
albopictus cells persistently infected with the same virus
(Elliott and Wilkie, 1986). These viruses showed an inter-
fering activity even if they cannot be considered ‘‘classi-
cal’’ DI particles. On the other hand, the presence of
subgenomic RNAs derived from the L genomic segment
in purified preparation of Germiston bunyavirus (Cun-
ningham and Szilagyi, 1987) has been possibly related to
DI particles. Abnormal RNA molecules, longer and
shorter than the standard genomic segments, have been
described in RVF virus persistently infected mammalian
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cells. These defective RNAs were encapsidated and
propagated as DI particles (Billecocq et al., 1996).
Typical DI particles have been described for BUN virus
(Patel and Elliott, 1992) and for tomato spotted wilt virus
(TSWV) (Resende et al., 1992), a plant virus belonging to
the Bunyaviridae family. In both viral systems DI RNAs
were exclusively originated from the L RNA segment. In
the case of TWSV, they have been shown to accumulate
at the expense of the wild-type genomic RNA and to be
associated with attenuation of the disease symptoms
(Resende et al., 1991). Characterization of defective L
RNAs revealed that they contained an extensive internal
deletion and retained the 39 and 59 genomic ends. In
TWSV the deletions were shown to occur between short
sequence repeats, one of which was lost during the
recombination (Resende et al., 1992).
Toscana (TOS) virus belongs to the Phlebovirus genus
of the Bunyaviridae family. It is transmitted by sandflies
and is pathogenic for humans, causing disease involving
the central nervous system (Nicoletti et al., 1991;
Schwartz, et al., 1993). Its genome, consisting of three
segments of single-stranded RNA, has been cloned and
completely sequenced (Giorgi et al., 1991; Accardi et al.,
1993; Di Bonito et al., 1997, Gro` et al., 1997). TOS virus
persistent infections established both in mammalian (Ve-
rani et al., 1984) and in arthropod cell lines (Nicoletti and
Verani, 1985; Nicoletti et al., 1989) have been described.
The persistently infected VERO cells showed variable
release of infectious virus, resistance to superinfection
with homologous virus, and interference of the released
virus with multiplication of standard virus. These charac-
teristics were all compatible with a mechanism mediated
by DI particles (Holland, 1990).
In the present study we have investigated the possi-
bility of generating DI particles by repeated passages of
TOS virus in suckling mouse brain and subsequent pas-
sages in VERO cells.
RESULTS
Interference between standard and M8 virus stock
The most susceptible laboratory animal for TOS virus
is the suckling mouse. To gain some insights in the
replication of TOS virus in a vertebrate host, we have
examined the virus stocks obtained by successive undi-
luted passages in mouse brain.
The first inoculum was constituted of a homogenate of
field-collected sandfly pool. The successive inocula were
obtained by homogenizing the infected mouse brains.
The virus stocks were indicated by M followed by the
number of the passage. A scheme of the experimental
plan of viral infections is shown in Fig. 1.
A first characterization was performed on M8 virus
stock by assaying its interference with standard virus,
i.e., plaque-purified virus. The results are shown in Fig. 2.
A dose-dependent reduction of virus yield was observed.
The virus titer was reduced from about 50%, with the
undiluted M8 virus stock, corresponding to a multiplicity
of infection (m.o.i.) of 250 PFU/cell, to about 5% at stock
highest dilution, corresponding to a m.o.i. of 2 PFU/cell.
The reduced virus yield was associated to a less severe
cytopathic effect, even at the lowest m.o.i. of the inter-
fering virus (2 PFU/cell).
Subsequent assays performed with M15 virus stock
(ISS.Phl.3 virus at the 15th passage in suckling mouse
brain) showed that the virus yield reduction could be as
high as 90% and that the capability to induce interference
increased with the number of passages in mouse brain
(data not shown).
Characterization of viral RNAs
To investigate the possibility that the interference be-
tween Phl.3 M8 virus stock and standard virus could be
due to the presence of DI particles, we examined the
viral RNA species present in M8 virus stock-infected
cells.
To separate the encapsidated from free viral RNA,
cytoplasmic extract from M8 virus stock-infected VERO
cells was centrifuged in a CsCl gradient.
In previous studies (Giorgi et al., 1991; Gro` et al., 1992;
Accardi et al., 1993) we showed by this system that in
TOS-infected mammalian cells only genomic and antige-
nomic viral RNAs were found in the NCs banding on the
gradient, while the viral mRNAs were found in the pellet
of the gradient. RNA extracted from the NC band and
present in the gradient pellet were examined by Northern
FIG. 1. Schematic experimental plan adopted to obtain the different
TOS virus stocks used in this study.
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blot analysis using the E31 cDNA probe specific for the
L segment (Fig. 3). The hybridization pattern shows, in
both samples, the presence of an RNA molecule popu-
lation, approximately 1–2 kb in length. In the NC RNA
sample a hybridization band corresponding to full-length
L RNA is also present. A similar but very weak hybrid-
ization can be noted in RNA pellet samples, presumably
corresponding to the mRNA transcribed from the L
genomic segment. This result indicates the presence in
M8 virus stock of a large and heterogeneous population
of subgenomic L segments that are assembled in the
nucleocapsid structure. Moreover, the presence of a
similar population in CsCl pellet RNA suggests that
these RNAs could be transcribed, strengthening the idea
of the possible presence of DI particles in M8 virus
stock.
In this hypothesis, supposing an amplification of the DI
RNAs in the successive undiluted passages in animals,
we came back to the M4 viral stock and we tried to purify
the virus stock by three subsequent plaquing cycles. A
single virus plaque was then amplified by infecting VERO
cells, at low m.o.i. (0.1 PFU/cell). This virus stock was
called TOS III (Fig. 1).
RNA extracted from TOS III-infected cells was ana-
lyzed by Northern blot using probes specific for S, M (Fig.
4), and L (Fig. 5) segments. D48 and D17 clones, specific
for S and M viral segments, respectively, seem to hybrid-
ize only to RNA molecules of S (1.9 kb) and M (3.4 kb)
genomic segment standard length. The L-specific
probes, PCR-2 and E31, representing sequences at the 39
and 59 ends of viral genomic segment, respectively, hy-
bridized not only to standard length L RNA (6.3 kb) but
also to a population of RNA molecules (approximately 1
kb in length). Hybridization bands corresponding to RNA
molecules with higher molecular weights were also vis-
ible in an overexposition of the filter (data not shown).
The hybridization pattern resembles to some extent
that obtained with the viral RNAs from M8 virus stock-
infected cells. The differences are principally in the in-
verted ratio between L genomic and subgenomic RNAs
and in the length of the latter. It has to be kept in mind
that the TOS III virus stock was derived from M4 stock
FIG. 2. Interference between standard and M8 virus stocks. VERO cells were infected with standard virus at 1 PFU/cell and co-infected with serial
twofold dilutions of M8 virus stock, indicated in the abscissa. The virus yield, expressed as log10 PFU/ml, and the reduction percentage of virus yield
in regard to standard virus are indicated on the left and on the right, respectively. The triangles () and the circles (F) indicate the virus titer and the
percentage of reduction, respectively. Lines indicate logarithmic regression of obtained results.
FIG. 3. Cytoplasmic extracts of TOS M8 virus stock-infected cells and
uninfected cells were centrifuged on a CsCl gradient to separate the
viral NCs from the mRNAs. RNAs from both components were analyzed
by Northern blot analysis, using as probe the clone E31 containing
specific sequences of the L genomic segment 59 end. The positions of
ribosomal RNAs, determined by ethidium bromide staining, are indi-
cated on the left and the position of the L genomic segment on the
right.
127DI PARTICLES OF TOSCANA VIRUS
after three subsequent plaquing cycles. Certainly, these
passages contributed to enriching the TOS III virus stock
in nondefective virus; this fact can explain the ratio be-
tween the standard and defective components, and per-
haps can result in a selection of the smallest RNAs
which could have some replicative advantages over the
longest ones.
To study the behavior of the L subgenomic RNAs in
viral replication, undiluted virus passages, starting from
TOS III virus stock, were performed on VERO cells. The
successive passages were called TOS IV, V, and VI (Fig.
1). Northern blot analyses of total RNA extracted from
cells infected with these virus stocks are shown in Figs.
4 and 5. The hybridization patterns show a decreased
accumulation of the three full-length genomic RNAs in
the following passages. In the case of the L segment, as
genomic RNA decreased, accumulation of subgenomic L
RNAs appeared, particularly in TOS IV-infected cells,
suggesting that these RNA molecules could have some
replication advantages compared to the genomic RNAs.
These results, taken together, indicate that the original
virus stock, Phl.3 M4, contained subgenomic L RNAs,
which can be propagated by undiluted virus passages in
mouse, are not eliminated by three plaque purifying
passages, and can replicate in infected cells with prop-
erties typical of DI particles.
Cloning and nucleotide sequences determination of
defective RNAs
The hybridization pattern obtained with probes con-
taining the 39 and 59 end sequences of the L segment
(Fig. 5) suggest that the subgenomic L RNAs could retain
both ends of the standard segment, and consequently
they could present extensive internal deletions. We took
advantage of these considerations to clone some of
these subgenomic L RNAs and thus to examine their
molecular structure.
Viral NC RNA from TOS IV-infected cells was amplified
by a RT–PCR procedure using primers complementary to
the first 21 bases of L 39 and 59 genomic ends (Ls1 and
Ls2, respectively). This strategy could also amplify full-
length L genomic RNA; however, its 6.4-kb length limits
this possibility.
The PCR products were cloned directly into a TA clon-
ing vector. A high number of recombinant clones was
examined by colony hybridization using as probes Ls1
and Ls2, the same oligonucleotides used for amplifica-
tion, and an internal oligonucleotide, L19 (position 4640–
4658, v-c sense). All the examined clones hybridized to
both terminal oligonucleotides used for amplification,
while none of them was positive for L19, suggesting that
the deletions in subgenomic RNA molecules mainly con-
cerned the central part of the genomic segment.
Six random-selected clones (DI-7L, DI-7N, DI-17, DI-59,
DI-65, DI-82) were grown, analyzed for insert length, and
sequenced. The insert in each clone was examined by
restriction of the different plasmids with enzymes present in
the vector polylinker but not in L segment sequences. The
insert lengths were different, ranging from about 400 bp
(DI-17) to 800 bp (DI-59). The inserts were sequenced using
flanking primers, located on the vector, and the sequences
were aligned to a full-length L RNA sequence (Accardi et
al., 1993). Sequence data showed that L subgenomic cDNA
clones contained the genomic 39 and 59 ends, as expected,
and one or more internal deletions, in comparison to the L
standard segment. In four clones of six (DI-7L, DI-7N, DI-17,
DI-59) the deletions were found to be collinear, while in two
of them (DI-65 and DI-82) the sequences at the 39 end of the
v-c sense L RNA were found at the 59 end of the L sub-
genomic RNA and vice versa. The DI particles containing
these subgenomic RNAs will be referred to as mosaic DIs.
Figure 6 shows a schematic representation of three
clones, each representative of different defective RNA
types, namely, DI-17 presenting one big deletion, DI-59
presenting more than one deletion, and DI-65 as an
FIG. 5. Northern blot analysis of total cellular RNA extracted from
VERO cells infected with TOS III, IV, V, and VI virus stocks. Mock lines
refer to RNA extracted from uninfected cells. PCR-2 and E31 are probes
containing L genomic sequences specific for 39 and 59 ends, respec-
tively.
FIG. 4. Northern blot analysis of total RNA extracted from VERO cells
infected with TOS III (obtained after three cycles of plaquing proce-
dures from viruses amplified in mouse brain), TOS IV, TOS V, and TOS
VI (obtained by subsequently undiluted passages of TOS III in VERO
cells) virus stocks, using as probes the clones D17 and D48, containing
specific sequences of the M and S genomic segments, respectively.
The positions of the respective genomic segments are indicated in the
two panels. Mock lines refer to RNA extracted from uninfected cells.
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example of ‘‘mosaic’’ deletions. DI-17 contains the first 23
bases at the 39 end and the last 400 bases at the 59 end
of the L genomic segment, presenting one deletion of
about 6 kb. DI-59 presents a big deletion (. 5 kb) and
two shorter deletions of about 200–300 nucleotides at
the 59 half of the genome. DI-65 retains three genomic
FIG. 6. Schematic representation of three different types of L DI RNAs, obtained after their amplification by RT–PCR, and subsequent cloning of
subgenomic RNA. (A) DI-17 presents only one big deletion; (B) DI-59 has one big deletion and two more small deletions; (C) DI-65 presents two deletions,
compared with the full-length L genome, from 259 to 582 nt and from 776 to 6164 nt. The peculiarity of the latter DI-RNA is that the second deletion is replaced
by the nucleotides present in the L genome from positions 142 to 235. At the top of each panel, the genomic L RNA is represented as a bold line. Full lines
in DI RNAs represent the genomic sequences retained, the dotted lines represent the deleted regions and the hatched line in panel C shows the deleted
region replaced by other genomic sequences. Junction sites with flanking sequences and the position of corresponding nucleotides on the full-length L
sequence are shown for each DI-RNA. The repeated nucleotides flanking the junction sites are indicated in capital letters.
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regions, 1–259, 582–776, and the 59 end 6164–6404. The
big deletion of about 5.4 kb (776–6164) is replaced by a
short RNA sequences of only 0.1 kb containing nucleo-
tides 142–235 of the genomic segment.
A common interesting feature was found at the recom-
bination junctions. At both sides of each deletion an
identical sequence motif is present on the corresponding
region of the full-length L segment (Fig. 6). The motives
examined were specific for each deletion and differed in
both length and nucleotide sequence. The observed mo-
tif lengths varied from one to seven nucleotides; the
longest ones seemed to be associated to the longest
deletions. The DI nucleotide sequences retained only
one copy of the motif, the second one being lost during
the RNA replication.
The possibility that these subgenomic L RNAs main-
tain an open reading frame and thus potentially express
a protein was investigated by computer analysis. Up to
the first junction the sequences examined maintained, of
course, the same ORF as L genomic RNA. The first
recombination site is crucial for maintaining the L ORF.
DI-17, which presents only one big deletion (Fig. 6),
maintains the L genomic ORF and could express a pro-
tein of about 10 kDa in molecular mass. In the other DIs
examined, the recombination shifts the L ORF to one
which is soon closed. The DI-59 and DI-65 clones (Fig. 6)
are an example of this finding. They maintain the L ORF,
for the first 168 nt and 259 nt, respectively; therefore, the
putative proteins expressed from these subgenomic L
RNAs may contain the same first 50 and 80 amino acids,
respectively, of the L protein NH2 terminus.
DISCUSSION
The isolation of TOS virus from its vectors, Phleboto-
mus perniciosus and P. perfiliewi, is usually performed by
inoculating an extract of homogenized sandflies in suck-
ling mouse brain. This procedure is more efficient than
virus isolation in cell culture because it allows a better
amplification of the virus progeny. In this study we have
investigated some aspects of viral replication in this
system.
The results presented show that after repeated con-
secutive passages in mouse brain the virus stocks
strongly interfere with the standard virus replication and
detailed analysis of specific RNAs present in viral stocks
shows the presence of subgenomic RNA species de-
rived from the L segment but not from the M and S
genomic segments. The subgenomic RNAs can be tran-
scribed and replicated. Moreover, they can be propa-
gated by serial passages in cell cultures, showing that
they are assembled in viral particles. These characteris-
tics are peculiar to classical defective interfering parti-
cles (Holland, 1990).
By hybridization studies the subgenomic L RNAs ap-
peared like a heterogeneous population, but they
seemed to maintain the 59 and 39 ends of the L genomic
segment. We cloned some of these molecules after PCR
amplification, performed using primers complementary
to the ends of the L genomic segment. Sequence anal-
ysis of the clones and their comparison to the complete
nucleotide sequence of the L segment show the pres-
ence of extensive internal deletions, which reduce the L
length to 10–15% of the standard segment length. There-
fore these molecules belong to the 59–39 class of DI
RNAs (Lazzarini et al., 1981; Holland, 1990). Such types of
DIs have been commonly found in negative-strand vi-
ruses (flu, vesicular stomatitis (VSV), Sendai, TSW, BUN
viruses). We do not know if in our system DI RNAs of
copy-back type were generated, as occurs in VSV- and
Sendai virus-infected cells (Schubert and Lazzarini, 1981;
Leppert et al., 1977) because the method used for clon-
ing allowed us to recover only the internally deleted DI
RNAs. Moreover, we cannot be sure that all the RNA
molecules present in the heterogeneous L subgenomic
population contain both 59 and 39 ends of the L genomic
segment. However, the high number of colonies obtained
in the cloning procedure after PCR amplification with an
oligonucleotide specific for these regions supports the
hypothesis that most of them share this feature. Because
the genomic terminal sequences are thought to contain
the cis-acting signals for initiation of transcription and
replication, for nucleocapsid assembling and packaging,
the conservation of these sequences indicates that the
DI RNAs are a potential template for transcription and
replication and so could act as small genomes.
The presence of an ORF in the DI segments analyzed
indicates that they could encode proteins; in five cases of
six, the protein, eventually expressed, would have the full-
length L protein amino terminus, while in one case (D17) it
would have its carboxy terminus. We have some evidence
(Di Bonito et al., submitted for publication) of the synthesis
of shorter L proteins in infected cells. These polypeptides
seem to retain the NH2 and COOH termini but seem to have
lost the central part of the L protein. These features suggest
that they represent the products of L DI RNAs. Interestingly,
these shorter L proteins are not packaged in mature virions;
nevertheless, they could compete for the binding site of the
polymerase on the viral nucleocapsids, contributing to the
interference mechanism.
Analysis of the junction sites on the full-length L se-
quence showed that each deleted region is flanked by
stretches of identical nucleotides. These stretches are
peculiar, both in length and sequence, to each recombi-
nation site. Similar features have been previously found
in DI L RNAs generated in TSWV (Resende et al., 1992),
a plant virus belonging to the Bunyaviridae family. As in
this viral system, the different repeated sequences found
in TOS DI RNAs do not resemble the consensus splice
sequences of eukaryotic mRNA; on the other hand, there
is no evidence for a nuclear phase in the TOS virus
replication cycle.
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The mechanism by which DI RNAs are generated has
not been well established. The largely accepted hypoth-
esis is that the deleted DI RNAs are generated by a
translocation event in which the polymerase, together
with the nascent strand, move on the template from one
position to another, which has been brought into juxta
position, without transcribing the intervening sequences
(Lazzarini et al., 1981, Holland, 1990, Nayak et al., 1990).
The two sites, even if not close on the template, might be
brought close together by the formation of transient sec-
ondary or even higher order structures in the template.
As no particular sequence features were found in DIs
generated by Sendai, VSV, and Flu viruses, the hypothe-
sis proposed for their origin does not seem to involve any
specific mechanism but just random events due to errors
of polymerase activity.
As proposed for TSWV (Resende et al., 1992), the
mechanism of TOS DI RNA generation seems to involve
repeated sequences, present in the L genome, which for
structural reasons could be situated spatially closed. The
sequence deletion in DI RNAs between the two repeats
could be originated by the detachment of the polymerase
complex at the end of the first motif and by reiteration of
replication at the end of the second repeat. The polymer-
ase jumping could be favored by the interaction of the
sequences complementary to the repeats, present on
the nascent RNA chain. This possible mechanism could
explain not only the presence of deletions in DI RNAs but
also the loss of one of the repeats in their sequences.
The origin of the DI RNAs is difficult to establish. They
might already be present in the infected sandflies, used
as original inoculum, and amplified in mouse brain pas-
sages. On the other hand, they might have originated in
the first passages in mouse and could have been ampli-
fied in the successive passages. The almost homoge-
neous length of DI L RNAs found in the M8 virus stock
and the low number of molecules longer than 1–2 kb
were unexpected. This could be due to some kind of
selection in the replication of DI RNAs, because of which
the smaller ones could become the predominat popula-
tion. However, the possibility that longer DI RNAs, if
present in the first passages, could undergo further de-
letions in successive steps might be considered.
It will be interesting to study the possible evolution of
these DI RNAs by examining them in different mouse
brain passages. Future work will be also directed toward
understanding the possible presence of these DI RNAs
in sandfly vectors, in which viral replication is not well
elucitated.
MATERIALS AND METHODS
Virus, cells, and RNA extraction
The prototype strain of TOS virus (ISS.Phl.3) was iso-
lated, propagated in suckling mouse brain and in VERO
cells, and finally plaque purified as previously described
(Verani et al., 1980, 1984).
The RNAs examined were obtained from VERO cells
infected either with plaque-purified TOS virus or with 10%
suspension of suckling mouse infected brain at a m.o.i.
of 0.1 PFU/cell. Infected cells were harvested at 36 h
postinfection (p.i.) by scraping into phosphate saline
buffer. Cytoplasmic extracts and nucleocapsid (NC) RNA
extraction, from infected and uninfected cells, were per-
formed as previously described (Accardi et al., 1993). For
total cellular RNA extraction, the cytoplasmic extracts
were treated with proteinase K (500 mg/ml), at 50°C for
1 h, and extracted with phenol and then the RNA was
ethanol precipitated.
Interference assay
Monolayers of VERO cells were infected with plaque-
purified TOS virus at 1 PFU/cell and co-infected with
serial twofold dilutions of ISS.Phl.3 M8 virus, a viral stock
obtained after eight passages in suckling mouse brain.
The supernatants of infected cells were collected at 48 h
p.i. and stored at 280°C until determination of virus titer
(Verani et al., 1984).
Northern blot analysis
The RNA samples from TOS virus-infected and unin-
fected cells were resolved on agarose gel containing
formaldehyde (Sambrook et al., 1989) and transferred
onto Hybond N membrane (Amersham Int.), according to
the manufacturer’s instructions. The membranes were
prehybridized at 42°C in 50% formamide, 53 SSC, 0.1%
SDS, 53 Denhardt’s solution, and 10 mg/ml denatured
fragmented salmon sperm DNA and then hybridized
overnight (o.n.) to the different 32P-labeled probes. Mem-
branes were then washed twice at 42°C, for 15 min in 13
SSC, 0.1%SDS, and twice at 68°C for 20 min, in 0.23 SSC
0.1% SDS, air dried, and autoradiographed at 280°C.
Polymerase chain reaction (PCR) and cloning of the
amplified DNA fragments
A cDNA copy of subgenomic L RNAs was obtained by
reverse transcription of total cellular RNA extracted from
TOS IV virus stock-infected cells (Fig. 1), using the oligo-
nucleotide Ls1. PCR was performed on the cDNA using
Ls1 and Ls2 oligonucleotides (see below) as primers.
PCR reaction was done in a volume of 100 ml, containing
1 mg of total RNA, 200 ng of each primer, and 2 u of Taq
DNA polymerase (Perkin–Elmer). Amplification condi-
tions were 1 min at 94°C for DNA denaturation, 1 min at
55°C for primer annealing, and 3 min at 72°C for Taq
polymerase activity, for 35 cycles. The amplified products
were confirmed to be specific by Southern hybridization
(Sambrook et al., 1989) using as probes L4, L8, and L19
oligonucleotides, representing sequences internal to the
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L viral segment. Probes were 59 end labeled with
[g-32P]ATP and polynucleotide kinase.
The amplified DNA fragments were cloned using the
TA cloning system (Invitrogen) according to the manu-
facturer’s instructions. The recombinant colonies were
screened by colony hybridization, using Ls1 and Ls2
oligonucleotides as probes, labeled at their 59 ends as
indicated above. The nucleotide sequences of positive
clones were determined by the dideoxynucleotide chain
termination method (Sanger et al., 1977).
Computer analysis of clone sequences was done by
sequence alignment program GENALIGN, which is a
copyrighted software product of IntelliGenetics, Inc., de-
veloped by H. Martinez of the University of California,
San Francisco (Sobel and Martinez, 1985).
DNA clones and synthetic oligonucleotides used as
probes and/or primers
The DNA clones PCR-2 and E31 contain specific se-
quences of TOS L genomic segment 39 and 59 ends,
respectively (Accardi et al., 1993). The DNA clones D48
and D17 contain internal sequences of TOS S and M
genomic segments, respectively (Giorgi et al., 1991; Gro`
et al., 1997).
The synthetic oligonucleotides, used in this work, are
listed below with the indication of the sense (v, viral; v-c,
viral-complementary) and the position on the L genomic
segment sequence: Ls1 v-c sense 59 ACACAGAGAGGC-
CAAATATG 39 (positions 1–21); Ls2 v sense 59 ACACAAA-
GACCGCCCAATTC 39 (positions 6404–6385); L4 v-c
sense 59 CAAATAAGAGAGGAATTGAT 39 (positions
6241–6260); L8 v-c sense 59 CTGATGATTCTGATTTTCA 39
(positions 329–347); L19 v sense 59 CTTGCCTGAAC-
CCAGGAGAT 39 (positions 4654–4635).
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